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Half-epan models of two w%ngs of different  plan form were tested 
both as d 3 " a b l e  surfaces and 88 fixed  surfaces in the presence of 
a half fuselage in the Langley by 12-inch supersonic blow"n tunnel 
a t  a Mach numker of 1.9, One wing had a " d e l t a  plan form w i t h  60' 
leading+dge Bweep and was tested  at  a Reynolds nuniber of 1.9 x 10 6 . 
The other w i n g  had a  rectangular plan form mdffied by an Ackeret ty-pe 

t i p  and w a s  tested  at  a Reynolds number of 1.4 x 10 Both surfaces 
operated w e l l  within the Mach cone originating at the fuselage nose. 
The circular mos8 sections of the fuselage were modified t o  provfde a 
flat area in the region of the wing root. 
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A comparison of the  data indicated that e i t b r  w i n g  acting as an 
all-movable surface would have about the- _same spazrwise and chordwise 
loc-at.ion, of<.tple .nepter_~of.:.~.e-~sure...as the sama wfng acting ae a fixed 
surface,  but the.  f ixsd-surface arrangement would have a lift-curve slope 
about 30 percent  greater  than the u3ng+free ( U m a b l e )  arrangement. 
The change in upwash represented by this increase in lift-curve slope 
is in good  agreement with calculations based on a lnethod  recammended 
by ,.L. Beskin. 
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Allevable   wrodpsnlc  surfaces a r e  be- consfdered in supersonic 
aircraft  des- for possible  applications as angle-of-attack  indicators, 
control surf~ces, and all-movable wings .  Present metho& used in 
calculating the supersonic characteristic8 of such surfaces  operating i n .  
the presence of a fuselage muet resort t o  several  s-plifying assumptions, 
especially if the fuselage contour is modified t o  mlrrimize the junction 
gaps caused by surface  rotation. In order t o  obtain experimsntd data 
for all-movable surface mrangaments, half" modela of t w o  wings of L 

different plan .f o m  were tested  both as all-movable surfaces and as 
conventional fixed surfaces in the presence of a half f7melage in the 
Langley by  12-inch supersonic b l o w d m  tunnel. 
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Ona Xing had a 6oo Bweptback kralf-delta plan famn and -rcent+ 
thfck  ciroulslr-arc  sections. The other wing had a trapezoidal plan form, 
formed by 8 'rectangular Xing modified by an Ackeret type  w i n g  t l p  and 
had lO-percent"-t;hick double-wedge sections. A 6malltxrea on the Rzselage 
at the wi-fmelage juncture waa flat and parallel with the air stream 
t o  prevent a change in the end gap when the wing rotated on the fkselage. 
L i f t ,  drag, pitching mament, and rolling mnment were obtained a t  a 

Mach nupiber of 1.9 end 8 Reynolde nranber of about 1.9 x 10 for the  delta 
w i n g  and 1.4 x lo6 for the trapezoidal wing. 
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lift coefficient baeed on area of exposed surface 

drag  coefficient baaed on area of exposed surface 

pitching+ummrt coefficient based upon the man aerodyDamic 
chard of exposed model surface and computed about the 
5o-percen.Gohrord point of the llreap aarodynamic chord 
(center ~f area) 

rolling-mrJment coefficient based on twice the area of the 
exposed aerodynamic surface and OIL a span b 

wing angle of attack, meamred with reapect t o  the free- 
stream direction 

ReynolaS number based 011 the mean aerodynamic chord of the 
exposed aerodynam5c sm4ace 

twice the dietance from the fuselage axis t o  the wing t i p  

mean aerodynamic chord of the erpoeed model surPace 

free"etream dymmlc pressure 

MOCIEIS 

Photograph of the two eemispan models are shown in figure 1. The 
principal dimensions of the two aerodynamic  surface^, hereafter called 
w f n g  panels, and the  fuselage arc3 shown in  figure 2. Both w i n g  panels 
and the fuelage are fabricated fram aluminum and have a polished finieh.  - 



As -shown in figure 2(a), the fkst  wdag panel has a " d e l t a  
p l a n  form with 60' eweepback of the w i n g  leading edge. The a i r f o i l  
sections  taken paral le l  to   the air stream are symmetrical chcul-c 
profiles 9 percent  thick. The aspect r a t io  of this plan"form delta 
wing is 2.31. The wing panel is rotated about the  6CLprcent  point 
of the wing root chord which is slightly ahead of the  center of area. 

The second wing panel, for which details are shown in figure 2(b), 
has an unswept trapezoidal plan form fmmd by a rectangular wing modified 
by an Ackeret type Xing t i p  t o  relieve the wing area of t i p  Mach cone 
effects. The airfoil  sections taken parallel t o  the air stream a r e  
sgmmetrical doub1e"wedge profiles  10 perce& thick. The aspect ra t io  of 
this Hng, including  the extension through the fuaelage, is 4.12. The 
w i n g  panel is rotated about the midchord poht of tb wing root chord 
which is slightly behind the  center of area. 

The fuselage used in these tes ts  is a half body of revolution 
(having a parabolic prof i le )  s p U t  lengthwise along the &s BB. Shawn 
in figure 1. In the regLon of maxbmn thickmas where the wing panels 
are located,  the fwelage contour has been modified by a f la t  area 
formed by cutting the  fuselage body of revolution with a plane parallel  
t o  the body axis and perpendicuLar t o  the wing axis of rotation. This 
f la t  has a maxhuu width of 0.80 inch, which permits the Xing t o  be 
rotated through a small angle range  without the appearance of an 

on the balance through a disk 0.80 inch in diameter s e t  flueh with the 
fuselage f la t  but not touching .the -elage. Under no load a radial 

is maintained between the overhanging portion of the wing and the fuselage 
flat .  The 0.005 gap is not sealed fo r  any of the tests. The deflectione 
caused by the aerodynamic loads on the model are the limiting factor of 
the  angle-of-attack range. 

. appreciable gap between the wing and fuselage. The w l n g  root is mounted 

. ' gap of 0.010 inch is maintained all around the  disk and a gap  of 0.005 inch 

The Langley + by =inch supersonfc blox-dm tunnel i n  which the 
present tests were made is a nonretu.rI+Qp tunnel,. utilizing  the exhauet 
air of the Langley 1 w o o t  pressure tunnel. me-tream Mach  number 

is 1-90. The air enters at an absolute pressure of about & atmospheres 

and contains about 0.003 pound of water per pound of air. 
3 

The semispan models used in these  tests are cantilevere-d frcm the 
tunnel w a l l .  This arrangement provide8 a simple, rigid means for  
'mounting the models and permits  the scale of the models t o  be Large 
in relation t o  the  size of the  test  section. 



4 

Preliminary tests indicated that w i n g s  cantilevered  directly from 
the tunnel f loor  would be operating in  a boundary layer about 0.4 inch 
thick. The pO8Sibilit;g of tes t ing half-spsn winge i n  the presence of a 
fuselage w88 next explored since any practical  supersonic  configuration 
would include a fuselage. In the ideal arrangement, the flow f ie ld  over 
the fuselage mounted on the tunnel w a l l  would duplicate  the flow f i e l d  
Over a fuselage located in  the center of the je t .  A cnmplete f'uselage 
w-aa mounted para l le l  with the wind stream in the  center of the tunnel 
and s m e y s  were made of the  surface  pressures and. of the  boundary- 
layer  profile i n  the region where the w i n g  would be located. The fuselage 
w a s  t hen   sp l i t  lengthwise and the  half' f'uselage w a ~  mounted OR the  tunnel 
wall where similar measurements  were made. The results shown i n   f i gu re  3 
indicated that the fuselage boundary layer xa8 thicker when the fuselage 
waa on the wall. Varioue thicknesa shims were t r i e d  as a fa i r ing  between 
the haw fuselage and the wall In order t o  move the fbelage out of the 
w a l l  boundarg layer. AEI the furirelage was moved out from the w a l l ,  the 
fuselage boundary-layer thickness  decreased and, with a 0.2>hch shim, 
very cloaely approached that measured on the complete -elage i n  the 
center of the jet. Shbning  the fuselage away from the xall a l s o  brought 
the presmre d b t r i b u t i o n  along the Azselage in  bet ter  agreement with 
that measured i n  the center of the tunnel. The s m e y s  were made only 
k-ith the %elage d i n e d  with the wind stream,  and the comparison might 
be so~newbt  dif'ferent  for  other fuselage attitudes. Fram them results, 
it appeared sa t i s f ac to ry   t o   t ea t  wings i n  the presence of this.half 
fuselage shhmed out 0.25 inch from the tunnel wall, and such a technique 
was used in these wing tests. (In ezamining the survey results sham 
i n  flgure 3 only qualitative camparison.8 should be made since  quantitative 
emors might exist .  This is h of the pressue  di8tribUtiOn because of 
the limited range of surveyed s t a t i c  preasures along the tunnel. Such 
er rom might exist in the shape of the boundary-layer profile became 
the 0.03&incb-outsiddiameter total-pessure tube w a 8  re la t ively large 
when coqared w i t h  the boundary--layer thicknese. ) 

The semispan model cantilevered from the  tunnel wall ie  attached 
t o  a four-caqonent  electric-etrai-e balance. The balance rotatea 
with the model and meayree p i t c h h g  moment, chord force, normal force, 
and rolling mament  due t o  n o m 1  force. The rolling4mment  coefficient 
is therefore measured about an axis lying in  the wing4hord  plane,  but fo r  
small an@;les of attack, it C l O S e l y  approximates the rolling-moment coeffi- 
cient about the wlnd axis. Forces on the body were not measured in &my 
of the tests. 

It should be pointed out that several  factors,  not as yet  fully 
investigated, might influence the test  results  obtained i n  this tunnel. 
Several of these factors  are: 

1 

(1) A i r  loading m&ht be carried  over that p& of the model located 
inside the fuselage. A few pressure meaeurements obtained on a different 
w i n g  from those used Fn these tests indicated  this loading  t o  be quite 
s m a l l  but still measurable. 

. 
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(2) S t r a y  shock waves of marked inteneitg might be wesen% fn the 
teat-aection  region. Such waves might well have been m e e d  during the 
tunnel  calibration in  which a pattern of read- w a s  obtained from 
pressures on several cones, a wedge and behind the normal shock of a 
total-pressure  tube. no schlieren equipment h a  been provided for 
visual obaematiom . 

(3)  Condenaation, resulting fram the high misture  contelrt of the 
inlet  a*, has been considered as having poesible  effecte on a e r o m c  
results,  particularly  pitchhg momerrb and the  characteristics of control 
surf aces. 

With regard t o  items (2) and (3),  it might be well t o  mention that 
unreported ailem-ffectivenees tests 09 a 'meptback wing model in this 
tunnel shared very good agreement wlth f r e e l i g h t  rocket tes te  of a 
similar wing-aileron  configuration. 

The dynamic pressure and t e s t  Reynolds number decreased aborrt; 
5 percent during the course of each ruzl becauee of the decreasing  pressure 
of the  inlet air. The '  average dynamic peesure f o r  these t e s t s  waa 

1670  pound^ per square foot and the average Reynolds nuuiber was 1.9 x 106 
for the  half-delta King panel and.1.4 X lo6 f o r  t he  unswept wing panel. 

Free-atreamMach nuuiber has been calibrated at 1.90 & 0.02. This  
Mach number w a ~  used in determining the m c  pressure. The variation 
of the s ta t i c  pressure x i th  the tunnel clear  vsried about fL5 percent 
i n  the test-section region. 

The accuracy of meaeuremente ia indicated in the f o U m h g  table: 

V a r i a b l e  W o r  
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Repeat t e s t s  were made f o r  each configuration and, in   fa l r ing   the  
curves, those t e s t s  were favored which had mailer zero sh i f t s  of the 
balance  readings. The rolling-mcrment component wa8 especially  sensitive 
t o  shifts i n  w5nd-off readings. The fa i red curves  should be more accurate 
than the  table  indicates. 

The experimental characterist ics of the tW0 wing6 m e  presented 
in   f igures  4 and 5 and the I f f t cdrag  ratios  calculated f r o m  the  fa i red 
curves of figures .4 and 5 are presented in figure 6 .  Snme of the 
important results are summrized in table I. 

L i f t  characteri8tics.- From table I, it may be seen that the- wing- 
fixed arrasgement  increased the lift-curve slope by about 30 Percent 
over  the whg-free (or all-movable) arrangement. The values were 
increased from 0.038 to 0.050 for the trapezoidal wing and f r o m  0.029 
t o  0.040 for  the del ta  wing. The wing-free values were the same when 
the fut3elage waa ei ther  d i n e d  with the w f n d  stream or waa positioned 
at an at t i tude of hod Fuselage upwash was calculated f o r  these two 
wing-fuselage ca3nbinationa by the method recommended in  reference 1. 
Since thie  method conaidera fueelages having only circular crosa  sections, 
the following assumptions were made t o  account f o r  the flattened  area 
on the fuselage used in these tes te :  

(1) At the wing root the upwash was aasumed t o  be that calculated 
f o r  a amallerdiameter fuselage having a surface  tangent t o  tPle wing root .  

(2) A t  increasing  distances fram the fuselage surface, the upwash 
was assumed to approach that of the  basic fuselage without the flattened 
area. The spanwise upwash variation would then be represented by a 
smooth t rans i t ion  from the upwash variation of the assumed smaller 
fuselage a t  the wing root t o  the upwash variation of the  basic fmelage 
at a distance of one fuselage diameter from the wing root. 

The-cdculatiom  indicated that the u p a s h  f i e l d  introduced 
changing the fuselage angle of attack would effectively  increase  the 
angle of attack of wings of  either  plan form by about 30 percent. This 
large upwaah effect  which is R result  of the small s i z e  of the wings 
relative t o  the fuselage  diameter  accounts f o r  the  difference  in lift- 
curve slopes between the wing-free and wing-fixed test resul ts .  

In  two instances w i t h  the w i n g  free, the nom of the del ta  wing 
was no longer on the fuselage flat and a discontinuity  existed. This 
discontinuity  occurred when the wing angle of attack exceeded 8O f o r  the 
fue l age  fixed at zero angle and also xhen the wing eangle of attack was 
more negative  than ICo f o r  the fuselage  positioned at a bo angle of attack. 

L 



There was no evidence of a force  break for  these  conditione  although the 
fuselage boundary layer migh-t have been thick enough t o  conceal any 
pO68ibh effect80 

Center of pressure.- From the slopes of the lift curves, rolling- 
mament c m e s ,  and pitchixg-nt curves,  both the spawise and chordwise 
locations of the- center of preasure have been calculated and are tabulated 
in table I. Freeing t h e  w i n g  fram the  fuselage caueed 0- slight shifts 
in the  location of the  center of presetme, the spa;rrwiee location moving 
out about 0.01b for  both wirtga, and the chordwise location moving ahead 
for  the t rapezoida l  wing and mwing back f o r  the  delta wing. T h i s  - 

movement was mall, the forward shift for the  trapezoidal w i n g  being 
0.OOZ and the rearward movement f o r  the  delta Xing being 0. OlgC-. The 
e3anwise locatlone of the  center of preasure were about on the  centers 
of area and the chordwise locations were from 0 . O z  t o  0.1073 ahead of 
the centers of area. 

Drw- By me of the method. of reference 2, the wave-drag coeff i- 
cients of the delta and trapezoidal wiws were calculated t o  be 0.023 
and  0.025, respectively, for a Mach ILumiber of 1.9. Adding t o  these 
8 skin4rict ion d r a g  coefficient of 0.006 brought the results in 
reasonable agreamelrt with the experimental values of minimum drag 
l i s ted  in table I. meeing the wing f r o m  the Fuselage caueed l%t t l e  
difference in rn€nirmn drag but did cause a considerable  decrease i n  
the meucinarm values of the liftilrag ra t io  when the fmelage w a ~  dined 
xith the air  atream. Such calculations of IffWag ratio are, however, 
incomplete since the drag of the fuselage is not included. . 

Fram t e s t s  of two semispan w i n g s  of different plan form operating 
i n  the presence of a half Azselage at a Mach number of 1.9, a 
canparison has been made of the  results where the fuselage and w i n g  
rotated congruently w i t h  the results where the fuselage was restrained 
at a fixed angle and the wing was allowed t o  rotate. The data  fndicated 
that either wing acting 88 an all-movable surface would have about the 
same spaarise and chordwise location of the  center of pressure as the 
same wing acting as a fixed surface but  the fixed-surface arrangement 
w o u l d  have a lif’t-curve slope about 30 percent greater than  the wing--free 
(or all-movable) arrangement. The change in  upwash represented by this 
decrease in lift-curve  slope is i n  good agreement uith theory. 

Langley Aeronautical  Laboratory 
National Advisory CoMmittee for Aeronautics 

Langley Field, Va. 
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(a) Delta wing. 

Rgure 1.- Photographs of wing-fuselage combinattons. - 
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(b) Trapezoidal whlg. 

Figure 1.- Concluded. 
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(a) Delta wing; mean aerodynamic chord = 2.64; span = 5.95. 

Figure 2. - Details of wings and fuselage. Au. dimensions in Inches. 
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(b) Trapezoidal wing; mean aerodynamic chord = 1.867; span = 6.88. 

Figure X.- Coracluded. 
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(c) Mach number distribution near fuselage. 

Figure 3.- Surveys of surface pressure distribution and boundary-layer  profile 
for the fuselage used in the wing tests. Fuselage alined  with the wind 
stream. M = 1.9. 
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Figure 4.- Aerodynamic characteristics of a half-span trapezoidal wing tested 
a s  a fixed and as an all-movable surface in the presence of a half fuselage. 
M = 1.9; R = 1.4 X lo6. Flagged symbols indicate repeat runs. 
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Figure 5.- Aerodynamic characteristics of a half-span delta wing tested as a 
fixed and as an all-movablk surface in the presence of a half fuselage. 
M = 1.9; R = 1.9 x lo0. Flagged symbols k d i c a t e  repeat runs. 
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(a) Trapezoidal wing. (b)  Delta wing. i2 
Flgure 6.- Variation of the l i f tdrag ra t io  with angle of attack for a half-span trapezoidal a 7 

half-span delta wing. M = 1.g. 
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